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ABSTRACT

Background: For transgender women, communication and speech characteristics might not
be congruent with their gender expressions. This can have a major influence on their
psychosocial functioning. Higher quality of life scores were observed the more their voice
was perceived as feminine. Speech language pathologists may play an important role in this,
as the gender affirming hormone treatment for transgender women does not affect the voice.
Aim: This systematic review aimed to provide speech and language pathologists with the
current literature concerning the effects of speech therapy in transgender women in terms
of acoustic and perceptual outcomes.

Methods: Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) was
used for reporting this systematic review. The Cochrane Central Register of Controlled Trials
(CENTRAL), MEDLINE (using the PubMed interface) and Embase (using the embase.com
interface) were used as electronic databases. All individual studies which measured the
effects of speech therapy in transgender women were evaluated with a risk of bias assessment
tool and levels of evidence. Relevant data were extracted from these studies and a narrative
synthesis was performed.

Results: 14 studies were identified through the databases and other sources. These studies
show positive outcome results concerning pitch elevation, oral resonance, self-perception
and listener perception. However, methodological issues contribute to problems with
generalization and reproducibility of the studies.

Conclusion: There is an urgent need for effectiveness studies using RCT designs, larger
sample sizes, multidimensional voice assessments, well-described therapy programs,
investigators blinded to study process, and longer-term follow-up data. Speech and language
pathologists who work with transgender women may find these results essential for defining
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therapy goals.

Introduction

Communication and speech characteristics of
transgender women might not be congruent
with their gender expressions. This can have a
major influence on their psychosocial function-
ing (Colton & Casper, 1996). A study by
Hancock et al. (2011) observed higher quality
of life scores of transgender women the more
their voice was perceived as feminine. Speech
language pathologists may play an important
role in this, as the gender affirming hormone
treatment for transgender women does not
affect the voice (Gooren, 2005; Hancock &
Garabedian, 2013).

Voice and communication training in order to
feminize the voice includes altering voice char-
acteristics such as speaking fundamental fre-
quency, fundamental frequency range, intonation
patterns, loudness, vocal quality and resonance
(Dacakis, 2000). In the literature, therapy goals
for voice feminization have been described based
on these voice aspects that influence listener’s
gender perceptions. Research regarding listener’s
perceptions, such as the results of a systematic
review and meta-analysis by Leung et al. (2018),
showed that aspects which are most salient in
listener’s perceptions of speaker gender are pri-
marily fundamental frequency (f,) of the voice
and secondly resonance characteristics. Loudness,

CONTACT Clara Leyns @ clara.leyns@ugent.be @ Center for Speech and Language Sciences (CESLAS), Department of Rehabilitation Sciences, Corneel

Heymanslaan 10, Ghent 9000, Belgium.
© 2021 Taylor & Francis Group, LLC


http://orcid.org/0000-0001-8130-8768
http://orcid.org/0000-0002-2949-0547
http://orcid.org/0000-0002-0698-6574
http://orcid.org/0000-0003-0457-9673
http://orcid.org/0000-0002-3956-5936
mailto:clara.leyns@ugent.be
https://doi.org/10.1080/26895269.2021.1915224
http://crossmark.crossref.org/dialog/?doi=﻿10.1080/09500782.2019.1622711&domain=pdf&date_stamp=2019-7-2
http://www.tandfonline.com

articulation, and intonation were also found to
be associated with listener’s perceptions of speaker
gender. In contrast, tempo and stress were not
significantly associated and mixed results were
found concerning the contribution of breathiness
to gender perception. The results of this review
suggested that the f, of the voice contributes for
41.6% of the variance in gender perception.
Listeners’ perceptions may not change from male
to female or masculine to feminine by altering
pitch alone. The authors of the review described
resonance as the second most widely studied
vocal domain concerning listener perceptions of
speaker gender. Resonance depends on the length
and shape of the vocal tract which can be altered
to change the frequencies of the vowel formants
(De Bodt et al., 2015; Meister et al., 2017). This
can be done by adjusting vowel characteristics
such as jaw drop or mouth opening, lip spread-
ing, tongue position and duration of the vowel
(Carew et al.,, 2007; Gallena et al., 2018;
Timmermans, 2013). The first three characteris-
tics play a role in adjusting the resonance of the
voice and determine the frequencies of the first
three formants (F1, F2, F3) (Carew et al., 2007;
Cartei et al., 2012; Coleman, 1971; Corthals,
2008; De Bodt et al.,, 2015; Fant, 1966; Gallena
et al., 2018; Giinzburger, 1995; Ladefoged, 1993;
Meister et al., 2017; Mount & Salmon, 1988;
Nordstrom, 1977; Pisanski & Rendall, 2011; Titze,
1989; Weirich & Simpson, 2018; Wu & Childers,
1991). According to Corthals (2008), F1 is related
to the jaw drop (larger jaw angle induces a higher
F1). Mount and Salmon (1988) correlated F2 to
the degree of fronting of the tongue, meaning, a
more forward tongue position induces a higher
F2. Gilinzburger (1995) and Corthals (2008) con-
cluded that F3 increases considerably when there
is less lip protrusion and when the oral cavity is
shortened by elevating the tongue and larynx. As
these characteristics change the vowel formants,
they can influence resonance.

The vowel formant frequencies of larger vocal
tract cavities are lower (Fant, 1966; Nordstrom,
1977; Titze, 1989; Wu & Childers, 1991). In gen-
eral, the formants of cisgender men are twenty
percent lower than those of cisgender women
(Coleman, 1983). These differences in formant
frequencies are too large to be caused by purely
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anatomical aspects (Glinzburger, 1995). It is pos-
sible that people change their vocal characteristics
to comply with either female or male speech ste-
reotypes. Oates and Dacakis (1983) stated that
on average, cisgender women articulate more
precisely and accurately compared to cisgender
men. A study by Cartei et al. (2012) asked 17
cisgender men and 15 cisgender women to imi-
tate the voice of the opposite gender. These imi-
tations were compared with the pretest
measurements in terms of f, formants 1 till 4
(F1-F4) and the degree of lip spreading and
mouth opening. When asked to imitate mascu-
linity, formant frequencies dropped, inducing a
smaller vowel space, and the opposite happened
when imitating female voices. Furthermore,
female voices showed larger lip spreading than
male voices on average. Although no statistically
significant differences were found, mouth open-
ing, a key determinant of F1, was found to be
larger in cisgender women compared with cis-
gender men. Moreover, cisgender women were
found to have a larger vowel space which might
be associated with a perceptual femininity of the
voice (Weirich & Simpson, 2018).

A listening experiment conducted by Pisanski
and Rendall (2011) observed that listeners use
formant characteristics as a cue to gender attri-
bution. The review by Leung et al. (2018) showed
that the frequency of the first 4 formants (F1-F4)
contribute to gender perception, i.e. higher for-
mant frequencies contribute to a more female
gender perception. The lower the first formant
frequency, the more masculine a voice is judged
(Weirich & Simpson, 2018). Gallena et al. (2018)
investigated gender perception of the voice after
increasing both f and formant frequencies. If the
f, is in the gender ambiguous zone (150Hz —
185Hz, Mordaunt, Adler & Hirsch (2006)), the
voice of transgender women is nevertheless often
perceived as that of cisgender men when the for-
mant frequencies are still in the male area. A
minimum increase of 20% of all formant frequen-
cies and the resulting increase of vowel space
results in a statistically significant increase of
perceiving a voice as female or feminine.
Therefore, it would be more effective to aim at
a moderate increase of all relevant formant fre-
quencies and vowel space (Gallena et al., 2018).
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Although therapy goals can be identified based
on determinants of listener’s perceptions, as
reviewed by Leung et al. (2018), it is not yet
clear whether voice and communication training
focusing on these goals is successful, i.e. trans-
gender women sound more feminine after the
intervention and are satisfied with the outcome.
Research on these intervention outcomes for
transgender people is limited. Preliminary results
of pilot studies in transgender women are prom-
ising and suggest that voice and verbal commu-
nication training could result in vocal changes,
gender perception and patient reported outcome
measures (Carew et al.,, 2007; Dacakis, 2000;
Gelfer & Tice, 2013; Gelfer & Van Dong, 2013;
Mészaros et al., 2005; Soderpalm et al., 2004; Van
Borsel et al., 2000). As there is no evidence for
effectiveness of targeting nonverbal communica-
tion with transgender women, this review focused
on the verbal aspect of communication (Davies
et al., 2015; Oates, 2006).

To our knowledge, this is the first systematic
review that has summarized the evidence of the
effects of speech therapy. In the past, reviews in
this specific research area have been performed
by Oates and Dacakis (1983), Dacakis et al. (2012)
and Davies et al. (2015). Oates and Dacakis (1983)
gave a full overview of ‘the Nature of
Transsexualism, ‘Sex Reassignment Programmes
in Melbourne, speech markers of male and female
speech, speech stereotypes, and how to ‘manage
the communication problems of transsexuals)
which included some recommendations for clini-
cians working in this field. However, much of the
early literature focused on single-case studies or
small-group studies that report the outcomes of
speech therapy. A more recent review was per-
formed by Dacakis et al. (2012), which described
recent research findings that demonstrate the
effectiveness of speech pathology intervention for
transgender women. This review brought out the
importance of modifying vocal resonance and
encouraging precise articulation to increase per-
ceptions of a feminine voice. Davies et al. (2015)
collected evidence from previous studies concern-
ing effectiveness of speech training for transgender
individuals. They intended to support clinicians
and researchers who are relatively new working
in this field of speech language pathology, with

specific recommendations concerning clinical
competence, treatment decisions, assessment, cli-
ent inclusion, etc. However, a review which fol-
lows a strict systematic methodology, such as
using the guidelines of the preferred reporting
items for systematic reviews and meta analyses
statement (PRISMA; Moher et al., 2015) is very
useful to guide speech language pathologists in
defining therapy goals when working with trans-
gender women. The aim of this systematic review
was to provide speech and language pathologists
with the current literature concerning the effects
of speech therapy in transgender women in terms
of acoustic and perceptual outcomes.

Methods

The methodology and reporting were based on
recommendations from the Cochrane
Collaboration (Higgins et al., 2019) and the pre-
ferred reporting items for systematic reviews and
meta analyses statement (PRISMA; Moher
et al., 2015).

Protocol and registration

This review was conducted according to the pro-
tocol previously published in the PROSPERO
register (registration number CRD42020192000).

Eligibility criteria

The eligibility criteria (see Table 1) were pre-
defined to answer the research question.

Search

The following electronic databases were searched
from inception until July 27, 2020: the Cochrane
Central Register of Controlled Trials (CENTRAL),
MEDLINE (using the PubMed interface) and
Embase (using the embase.com interface). The cited
references of the included studies were also checked.
Furthermore, ProQuest Dissertations & theses global
(proquest.com), Open Gray (opengrey.eu) and Open
Access Theses and Dissertations (oatd.org) were
searched for gray literature, including theses or dis-
sertations, pre-prints, conference presentations, post-
ers, abstracts or unpublished manuscripts.



The search strategy for PubMed was reported
in Table 2. Two concepts were combined with a
Boolean operator AND. In the other databases,
equivalent search terms were used and MeSH
terms were adapted to the relevant database.

Table 1. Eligibility criteria.

Inclusion Exclusion
Publication ~ « Randomized controlled +  Reviews, systematic
type trials, non-randomized reviews,

studies (cohort studies,
case control studies and .
cross sectional studies and
quasi randomized .
controlled clinical trials,
case reports) will be
considered as appropriate
study designs for
inclusion.
«  Peer-reviewed studies
« Published in English
«No limitation concerning
the publication date
Transgender women: .
assigned male at birth
and female gender .
identity .
- No age restrictions

meta-analyses
Studies which are
not peer-reviewed
No full text available

Participants - Gender non-binary
people
Transgender men
Transgender women
who completed
phonosurgery
Intervention -«  Pitch elevation

« Articulation - resonance

- Intonation
Intervention - Fundamental frequencies

outcomes ()
«  Fundamental frequency
range

«  Formant frequencies

«  Vowel space

« Patient satisfaction

« Gender perception

Table 2. Search strategy for MEDLINE (PubMed).
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Endnote X9 (Clarivate Analytics) was used for
creating four separate libraries: (1) Records iden-
tified through database searching and identified
through other sources (including duplicates), (2)
Records after duplicates removal, (3) Records
included based on title and abstract screening,
and (4) Records included based on full-text
evaluation.

Study selection

Title-abstract and full-text screening was per-
formed independently by the first two authors
(CL and TP) through the Rayyan platform
(Ouzzani et al., 2016). The authors determined
whether the article was appropriate according
to the eligibility criteria. Any discrepancies were
discussed, and a final list of articles was subject
to data analysis. The study selection process
was reported in a flow diagram (Moher
et al., 2009).

Data collection process and data items

The reviewers were not masked to the author,
institution, and publication source of trials at any
time. Using piloted extraction forms two review-
ers independently extracted the characteristics of
the trials, baseline characteristics of the

Concept

Search strategy

Concept 1: MeSH terms:
Transgender women

Free text words:

"Transgender Persons"[Mesh] OR “Transsexualism”[Mesh] OR “Gender Identity”[Mesh] OR “Gender Dysphoria”[Mesh] OR

“gender variant*"[TIAB] OR “gender-variant*”[TIAB] OR “gender queer”[TIAB] OR “gender-queer”[TIAB] OR genderqueer[TIAB]
OR “gender nonconforming”[TIAB] OR “2 spirit person”[TIAB] OR “2-spirit person”[TIAB] OR “two spirit person”[TIAB] OR
“two-spirit person”[TIAB] OR “male to female transsexual*”[TIAB] OR “male-to-female transsexual*”[TIAB] OR MTF[TIAB] OR
M2F[TIAB] OR “M-To-F transsexual*”[TIAB] OR AMABI[TIAB] OR “assigned male at birth”[TIAB] OR “TG girl*"[TIAB] OR
"male-to-female-transgender"[TIAB] OR genderidentity[TIAB] OR "gender identity"[TIAB] OR "gender-identity"[TIAB] OR
genderdysphoria[TIAB] OR "gender-dysphoria”[TIAB] OR “gender dysphoria”[TIAB] OR “gender minorit*"[TIAB] OR
transgend*[TIAB] OR “trans-gend*”[TIAB] OR transsex*[TIAB] OR “trans-sex*”"[TIAB] OR transex*[TIAB] OR transvest*[TIAB] OR
“gender non-conforming”[TIAB] OR “gender ambiguous”[TIAB] OR “gender bender”[TIAB] OR transfem*[TIAB] OR
transwoman[TIAB] OR transwomen[TIAB] OR “trans woman”[TIAB] OR “trans women”[TIAB] OR “trans female”[TIAB] OR “trans
feminine”[TIAB] OR “trans-feminine”[TIAB] OR transfeminine[TIAB] OR transfemale[TIAB] OR “trans people”[TIAB] OR
transpeople[TIAB] OR “male to female”[TIAB] OR “sex reassign*"[TIAB] OR “sex change”[TIAB] OR “gender reassign*"[TIAB] OR
“gender confirm*”[TIAB] OR “gender chang*"[TIAB] OR “gender transition”[TIAB] OR “gender disorder”[TIAB] OR GLB[TIAB] OR
GLBQITIAB] OR GLBT[TIAB] OR GLBTQ[TIAB] OR LGBI[TIAB] OR LGBT[TIAB] OR LGBQ[TIAB] OR LGBTQI[TIAB] OR
"LGBTQ-people"[TIAB] OR “sexual identit*"[TIAB] OR “sexual minorit*”[TIAB]

Concept 2: MeSH terms:
Speech therapy

Free text words:

“Rehabilitation of Speech and Language Disorders”[Mesh] OR “Speech-Language Pathology”[Mesh] OR

voice[TIAB] OR voicetherapy[TIAB] OR "vocal therapy"[TIAB] OR "vocal rehabilitation"[TIAB] OR feminization[TIAB] OR
feminization[TIAB] OR pitch[TIAB] OR intonation[TIAB] OR prosody[TIAB] OR "verbal communication"[TIAB] OR "oral
communication"[TIAB] OR "verbal behavior"[TIAB] OR "verbal behavior"[TIAB] OR speech[TIAB] OR logopedic[TIAB] OR
logopaedic*[TIAB] OR logopedics[TIAB] OR logopedica[TIAB] OR logotherapy[TIAB] OR logotherapies[TIAB] OR "language
pathologist"[TIAB] OR "language pathologists"[TIAB] OR “speech-language”[TIAB] OR "language pathology"[TIAB]
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participants, the description of intervention and
outcomes. Discrepancies were resolved through
consensus. The items extracted from each article
from the selection process were as follows:

1. Study design. In cases where the study
design was not explicitly stated, the authors
deciphered the design from the method
described in the article.

2. Study population characteristics

Intervention characteristics

4. Outcome characteristics

w

Risk of bias and levels of evidence of individual
studies

To assess the risk of bias, the quality assessment
tool ‘QUALSYST’ from the “Standard Quality
Assessment Criteria for Evaluating Primary
Research Papers from a Variety of Fields” was
used (Kmet et al., 2004). With this tool, 14 items
of each quantitative study were scored on the
study and outcome levels depending on the
degree to which the specific criteria were met or
reported (“yes” = 2, “partial” = 1, “no” = 0). Items
not applicable to a particular study design were
marked “N/A” and were excluded from the cal-
culation of the summary score. A percentage was
calculated for each paper by dividing the total
sum score obtained across rated items by the
total possible score.

In order to investigate the weighting of the
included studies, an adapted version of the Levels
of Evidence by Sackett (1989) was used (Burns
et al., 2011). The levels can be found in the
appendix. The first author rated each of the arti-
cles against the risk of bias assessment tool and
the levels of evidence.

Results
Study selection

The PRISMA Flow Diagram (Figure 1) summa-
rizes the review process and selection of the stud-
ies meeting inclusion criteria. Overall, we
retrieved 1671 records from the systematic
searches in 3 databases. After exclusion of dupli-
cates and non-relevant records, a total of 13 stud-
ies remained. 3 additional studies were checked

for inclusion through other sources. This resulted
in 14 articles for data extraction. Reasons for
excluding references during full text screening
were wrong language (n=38), wrong study design
(n=6) and wrong population (n=>5).

Study characteristics

The characteristics per study were presented in
Table 3.

Risk of bias assessment and levels of evidence

The risk of bias assessment total sum scores
for the reviewed studies ranged from 4 to 20
with a mean of 11.79. The total summary
scores, taking the total possible sum (i.e. with-
out the N/A questions) into account, ranged
18% to 82%, with a mean score of 49%. An
overview of the results can be seen on Figure
2. In Table 3, the levels of evidence can be
found. 11 studies had a level V of evidence,
indicating little or no systematic empirical evi-
dence. Only Kawitzky and McAllister (2020),
Gelfer and Tice (2013) and Gelfer and Van
Dong (2013) had a level II, which shows that
their findings are generally consistent (Burns
et al., 2011).

Study design

Most studies (n=11) were prospective study
designs, only Dacakis (2000), Hancock and
Garabedian (2013) and Soderpalm et al. (2004)
reported a retrospective design. Gelfer and Tice
(2013) Gelfer and Van Dong (2013) used cis male
and female control participants to provide speech
samples for acoustic analysis, and Kawitzky and
McAllister (2020) included cis male control par-
ticipants for their intervention as well. Four stud-
ies included control speech samples for their
listening experiment (Bralley et al., 1978; Gelfer
& Tice, 2013; Gelfer & Van Dong, 2013; Kaye
et al., 1993).

Study population characteristics

Across all studies in this systematic review, 95
transgender women were included. Their mean
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Records identified through database searching

Additional records identified through other sources

A

Studies included in qualitative
synthesis
(n=14)

Studies included in
quantitative synthesis (meta-
analysis)

(n=0)

(n=1671) (n=3)
v A\ 4
Records after duplicates removed
(n=1122)
A
Records screened Records excluded
| -
(n= 1122) i (n=1089)
Full-text articles assessed for Full-text articles excluded,
eligibility with reasons
(n=33) < (n=19)

Figure 1. Preferred reporting items for systematic reviews and meta-analyses (PRISMA) flow diagram.

age was 4l.6years, ranging from 15years till
64 years old.

Intervention characteristics

The intervention duration was reported in each
study, ranging from 1 session to 90 sessions. Most
of the studies (n=7) reported 60 minutes sessions,
except for Carew et al. (2007) and Kalra (1978),
who described 45 minutes sessions. Some studies

(n=5) did not specify the exact duration in min-
utes, such as Dacakis (2000), Hancock and
Helenius (2012), Hancock and Garabedian (2013),
Kawitzky and McAllister (2020) and Mészaros
et al. (2005). The content of the intervention
sessions included pitch elevation techniques
(Bralley et al., 1978; Dacakis, 2000; Gelfer & Tice,
2013; Gelfer & Van Dong, 2013; Hancock &
Garabedian, 2013; Hancock & Helenius, 2012;
Kalra, 1978; Kaye et al., 1993; Mészaros et al,
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QUALSYST Tool questions
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Question/objective sufficiently described? | NEGGG_G_G
Study design evident and appropriate?
Method of subject/comparison group selection or source of information/input variables described and | —
appropriate?
Subject (and comparison group, if applicable) characteristics sufficiently described? | NERGEGEGG_G
If interventional and random allocation was possible, was it described? [ N N E |
If interventional and blinding of investigators was possible, was it reported? [ NNEREREGENE e
If interventional and blinding of subjects was possible, was it reported? [ NRNREREDDN |
Outcome and (if applicable) exposure measure(s) well defined and robust to | ——
measurement/misclassification bias? Means of assessment reported?
Sample size appropriate? I I
Analytic methods described/justified and appropriate? [ NS _
Some estimate of variance is reported for the main results? [ NN I
Controlled for confounding? [ NNENEGEGEGEGEGEEES ]
Results reported in sufficient detail? [N
Conclusions supported by the results?
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
mno ©partial myes mN/A

Total summary scores

Figure 2. Risk of bias of the individual studies: results of the QUALSYST Tool.

2005; Mount & Salmon, 1988; Quinn & Swain,
2018; Soderpalm et al., 2004), oral resonance
training (Carew et al., 2007; Gelfer & Tice, 2013;
Hancock & Garabedian, 2013; Kalra, 1978;
Kawitzky & McAllister, 2020; Mészaros et al,,
2005; Mount & Salmon, 1988; Quinn & Swain,
2018; Soderpalm et al., 2004), prosody (Gelfer
& Tice, 2013; Hancock & Garabedian, 2013;
Hancock & Helenius, 2012; Mészaros et al., 2005;
Mount & Salmon, 1988; Quinn & Swain, 2018),
vocal quality (Gelfer & Tice, 2013; Hancock &
Garabedian, 2013; Hancock & Helenius, 2012;
Kaye et al., 1993; Mészaros et al., 2005; Mount
& Salmon, 1988), vocal hygiene (Bralley et al,
1978; Hancock & Garabedian, 2013; Hancock &
Helenius, 2012; Mount & Salmon, 1988; Quinn
& Swain, 2018; Soderpalm et al., 2004), breathing
patterns (Hancock & Garabedian, 2013; Hancock
& Helenius, 2012; Kalra, 1978; Mészaros et al,,
2005) and non-verbal communication (Hancock
& Garabedian, 2013).

Five of the fourteen studies reported motivat-
ing their participants to practice at home with
some carry-over tasks (Carew et al., 2007; Gelfer
& Van Dong, 2013; Hancock & Garabedian,
2013; Mount & Salmon, 1988; Quinn & Swain,
2018). All of the studies choose individual

therapy, except for Gelfer and Tice (2013) who
reported using a group setting for their therapy
protocol.

Gelfer and Van Dong (2013) and Quinn and
Swain (2018) implemented an existing therapy
protocol, the Vocal Function Exercises (Stemple,
1984). Kalra (1978) mentioned Froeschel’s chew-
ing method (Froeschels, 1952) in their protocol
and Quinn and Swain (2018) used the Resonant
voice therapy program by Katherine Verdolini
(Verdolini Abbott, 2008).

Outcome characteristics

Fundamental frequency (f))

Fundamental frequency (f,) during sustained
vowel. All studies who reported the f, during
sustained vowel(s) (n=3) described an increase
of f,, varying between 4Hz and 100Hz, or
between 0.34 and 11 semitones (ST), with a mean
of 7ST. Hancock and Helenius (2012), a case
study, reported an increase of 4Hz during sus-
tained vowel /a:/ (205Hz pre — 209Hz post —
209Hz follow-up, pre - post: 0.34ST, pre
- follow-up: 0.34ST). During the retrospective
study by Hancock and Garabedian (2013) on the
other hand, an increase of 48 Hz (136 Hz pre
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— 184Hz post, 5ST) was reported during sus-
tained vowel /a/. The case study by Mount and
Salmon (1988) described both vowels /a/, /i/ and
/u/, with an increasing f, of respectively 110 Hz
(pre) — 210Hz (post) — 230Hz (follow-up) (pre
- post: 11ST, pre - follow-up: 13ST), 110Hz
(pre) — 195Hz (post) — 235Hz (follow-up) (pre
- post: 10ST, pre - follow-up: 13ST) and 110Hz
(pre) — 210Hz (post) — 200Hz (follow-up) (pre
- post: 11ST, pre - follow-up: 10ST).

Fundamental frequency (f,) during reading. Of the
10 studies reporting f, during reading, 8 used the
Rainbow Passage (Fairbanks, 1960) to investigate
the f, during reading. A mean increase of f, was
observed of 5ST. Carew et al. (2007) reported an
increase of 14.1 Hz, going from 115.2 to 129.3Hz
(2ST). Gelfer and Tice (2013) described an increase
of 71 Hz after the post measurement (123 Hz pre —
194Hz post, 8ST), but then again a drop in pitch
at follow-up (155Hz, pre - follow-up: 4ST). Gelfer
and Van Dong (2013) did not report a follow-up
measurement and had a 55Hz increase of pitch
(122Hz pre - 177Hz post, 6ST). Hancock and
Helenius (2012) increased the f, with 46 Hz during
their case study, (158 Hz pre — 204 Hz post, 4ST)
and stayed stable at follow-up (204 Hz, 4ST). The
other study by Hancock and Garabedian (2013)
reported an increase of 32Hz (124 Hz pre — 156 Hz
post, 4ST). Kawitzky and McAllister (2020) did not
focus on raising the pitch in their intervention, and
did not find any reliable patterns in f, differences.
Kaye et al. (1993) had a change of pitch of 34 Hz
(n=1) in total (101 Hz pre — 135Hz post, 4ST).
Mészaros et al. (2005) used another phonetically
balanced text, the North wind and the Sun, and
reported an increase of 40.7Hz (150.6Hz pre -
191.3Hz post, 4ST). Quinn and Swain (2018)
described an increase of pitch of 34Hz of their
single case (145Hz pre — 179 Hz post, 4ST) during
the Rainbow Passage. Lastly, Soderpalm et al.
(2004) noticed an increase 20 Hz during reading
and a greater increase for those with more than
14 sessions.

Fundamental frequency (f,) during spontaneous/
conversational speech. 8 studies investigated the
f, during spontaneous or conversational speech.
There was a mean general increase of 4ST pre

- post treatment. Bralley et al. (1978) reported a
20Hz increase during conversation speech of their
participant, going from 145Hz to 165Hz (2ST),
whereas Dacakis (2000) showed an increase of 42.6 Hz
at the post measurement, 125.5Hz to 168.1Hz (5ST),
but decreasing again at follow-up until 146.5Hz
(pre — follow-up: 3ST). The authors mentioned a
correlation between the number of interventions
and the maintenance of the f, increase, i.e. a higher
number of interventions caused a higher f, increase.
Both Gelfer and Tice (2013) and Gelfer and Van
Dong (2013) mentioned an increase, respectively
59Hz (119Hz pre to 178 Hz post, 7ST) and 37Hz
(116 Hz pre to 153Hz post, 5ST), with a drawback
during follow-up to 19Hz (138 Hz, pre - follow-up:
3ST) in the study by Gelfer and Tice (2013). Hancock
and Helenius (2012) on the other hand described a
stable increase in f, during follow-up of their case
study (151 to 172 to 169 Hz, pre — post: 2ST, pre —
follow-up: 2ST). An increase of 28 Hz (122Hz pre
to 150Hz post, 4ST) was reported in the study by
Hancock and Garabedian (2013) and 45Hz (153 Hz
pre and 198 Hz post, with 200Hz during follow-up,
pre — post: 4ST, pre - follow-up: 5ST) in the case
study by Kalra (1978). Quinn and Swain (2018) did
not see a high increase during spontaneous speech
of the participant, 1Hz (143Hz pre to 144Hz post,
0.12ST).

Total frequency and intensity range

Not all studies described frequency and intensity
ranges. Of the 4 studies reporting total frequency
and intensity range, 2 mentioned pre and post
values. Hancock and Helenius (2012) reported a
total frequency range of their case study of
87-880Hz (pre, 40ST) to 49-932Hz (post, 51 ST)
and 69-392Hz (follow-up, 30ST) (pre - post:
11 ST, pre - follow-up: —10ST). The retrospective
study by Hancock and Garabedian (2013) of 25
participants showed the total frequency range
increasing, from 90-465Hz (pre, 28ST) to
88-579Hz (post, 33ST) (pre - post: 5ST). Bralley
et al. (1978) on the other hand reported a total
frequency range from 100Hz till 425Hz (25ST)
during the pre training measurement of their
subject. Mészaros et al. (2005) mentioned a
diminishing pitch range, caused by an elevation
of the lower limit.



Frequency and intensity range during continuous
speech

3 studies investigated the frequency and intensity
range during continuous speech. Bralley et al.
(1978) reported a frequency range during con-
versational speech of 30Hz (pre) and 70 Hz (post)
(15ST). Hancock and Helenius (2012) showed
the frequency range during spontaneous speech
changing from 98-330Hz (pre, 21ST) to
104-349Hz (post, 21ST) and 69-330 Hz (follow-up,
27S8T) (pre - post: 0ST, pre — follow-up: 6ST).
Quinn and Swain (2018) reported slightly
increased pitch ranges during conversational and
spontaneous speech. It is important to acknowl-
edge that all three of these studies concern sin-
gle cases.

Formant frequencies

Only 6 out of the 14 included studies investigated
the formant frequencies before and after the
intervention. Carew et al. (2007) extracted vowels
/al, /i/, and /u/ from the Rainbow Passage and
Gelfer and Tice (2013) and Gelfer and Van Dong
(2013) extracted vowel /i/ from their semi spon-
taneous Q/A sets and investigated the formant
frequencies in sustained vowels /a/, /i/ and /u/.
The other studies used solely sustained vowels
(Hancock & Helenius, 2012; Mount & Salmon,
1988) or target words (Kawitzky and McAllister,
2020). Higher F1 values during /a/ and /u/
(Carew et al., 2007), /i/ (Gelfer & Tice, 2013),
all vowels (Hancock & Helenius, 2012), higher
F2 values during /a/ (Carew et al., 2007), all vow-
els (Hancock & Helenius, 2012) and higher F3
for all three vowels (Carew et al.,, 2007) were
found. Kawitzky and McAllister (2020) mentioned
that participants were able to significantly lower
their F1 and increase and decrease their F2. Some
other studies reported formant frequencies, but
these were not analyzed statistically.

Self-perception and satisfaction

10 of the 14 studies reported data concerning
the self-perception and satisfaction of the partic-
ipants. These data were obtained through an
interview (Bralley et al., 1978; Quinn & Swain,
2018), visual analogue scales (Carew et al., 2007;
Dacakis, 2000; Quinn & Swain, 2018; S6derpalm
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et al., 2004), Likert scales (Gelfer & Van Dong,
2013; Mészaros et al., 2005) and standardized
questionnaires such as the Transsexual
Self-Evaluation Questionnaire (TSEQ) by Davies
and Goldberg (2006) (Hancock & Garabedian,
2013; Hancock & Helenius, 2012) and the
Transsexual Voice Questionnaire (TVQ) by
Dacakis et al. (2013) (Quinn & Swain, 2018). The
studies reported increased satisfaction (Bralley
et al.,, 1978; Carew et al., 2007; Dacakis, 2000;
Gelfer & Van Dong, 2013; Hancock & Helenius,
2012; Quinn & Swain, 2018), more self-confidence
(Bralley et al., 1978; Hancock & Helenius, 2012),
higher self-perception of femininity (Carew et al.,
2007; Quinn & Swain, 2018; Soderpalm et al,
2004), lower scores on the TSEQ, TVQ or Likert
scale, i.e. lower impact on the psychosocial func-
tioning or limitations concerning communication
(Hancock & Helenius, 2012; Mészaros et al., 2005;
Quinn & Swain, 2018).

Listener ratings

Several studies described significant increases in
femininity and decreases in masculinity on visual
analogue scales, collected through listening exper-
iments (Bralley et al., 1978; Gelfer & Tice, 2013;
Gelfer & Van Dong, 2013; Hancock & Helenius,
2012; Kaye et al., 1993; Quinn & Swain, 2018).
Due to poor interrater reliability, mixed results
were reported by Carew et al. (2007). Binary gen-
der identification results revealed a higher num-
ber of female identification post treatment and
follow-up in the study by Gelfer and Tice (2013).
In the study by Gelfer and Van Dong (2013) and
Kaye et al. (1993), participants were still rated as
male following therapy. Kawitzky and McAllister
(2020) concluded that higher F2 or f, values
received higher perceptual ratings of femininity.
Combining F1 or F3 with f, yielded higher fem-
ininity ratings but not on their own.

Discussion

This systematic review was performed in order
to provide speech and language pathologists with
the current literature concerning the effects of
speech therapy in transgender women in terms
of acoustic and perceptual outcomes. It is import-
ant to give speech language pathologists an
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overview of the existing literature concerning the
effects of speech therapy in transgender women
in order to establish a voice and communication
which is congruent with their gender identity.
Previous reviews concerning the effectiveness of
speech therapy for transgender women mentioned
the importance of communication characteristics
that contribute to perceptions of gender, such as
pitch, resonance and articulation (Dacakis et al.,
2012; Davies et al., 2015; Oates & Dacakis, 1983).
Additionally, they reported several recommenda-
tions for speech language pathologists working
in this field. However, this is the first systematic
review that has summarized the evidence of the
effects of speech therapy, using a strict systematic
methodology of the PRISMA guidelines (Moher
et al., 2015) and including recent literature. 14
studies have been identified during the search in
this systematic review, of which 6 were case stud-
ies and 3 had retrospective designs. There were
a total of 95 participants, ranging from 15 to
64 years old (mean 41.6years). Due to the num-
ber of participants and study designs that were
reported, it can be concluded that research on
speech therapy outcomes for transgender women
is quite limited. Results are somewhat promising
and suggest that speech therapy could result in
vocal changes and gender perception.

Looking at the content of the intervention, a
lot of attention has been paid to several aspects
which contribute to gender perception of speaker
gender, described by Leung et al. (2018), such as
pitch and resonance (Bralley et al., 1978; Carew
et al.,, 2007; Dacakis, 2000; Gelfer & Tice, 2013;
Gelfer & Van Dong, 2013; Hancock & Garabedian,
2013; Hancock & Helenius, 2012; Kalra, 1978;
Kawitzky & McAllister, 2020; Kaye et al., 1993;
Mészaros et al., 2005; Mount & Salmon, 1988;
Quinn & Swain, 2018; Soderpalm et al., 2004).
It is noticeable that therapy goals seem to change
over the years, i.e. the older the study, the more
focus is laid on pitch elevation, in comparison
to more recent literature, who regularly include
the aspects of resonance. However, another aspect
which is associated with gender perception of
speaker gender is intonation (Leung et al., 2018).
Only six studies addressed intonation in their
intervention content (Gelfer & Tice, 2013;
Hancock & Garabedian, 2013; Hancock &

Helenius, 2012; Mészaros et al., 2005; Mount &
Salmon, 1988; Quinn & Swain, 2018). Overall,
most of the studies reported a combination of
different therapy goals, concluding in a difficult
interpretation of the results.

The included studies in this review reported
various durations of the intervention, ranging
from 1 session to 90 sessions. Seven studies
described 60 minutes sessions, except for Carew
et al. (2007) and Kalra (1978), who described
45 minutes sessions. Some studies (n=5) did not
specify the exact duration in minutes, such as
Dacakis (2000), Hancock and Helenius (2012),
Hancock and Garabedian (2013), Kawitzky and
McAllister (2020) and Mészaros et al. (2005). De
Bodt et al. (2015) found that published voice
therapy described 10.87 sessions of mostly 30 or
60 minutes. Soderpalm et al. (2004) addressed the
fact that participants with more than 14 inter-
vention sessions had a greater increase in f,
immediately after the intervention and at the
follow-up appointment (Dacakis, 2000; Gelfer &
Tice, 2013). In the study by Meerschman et al.
(2019), short-term intensive voice therapy is at
least equally effective in treating patients with
dysphonia as long-term traditional voice therapy.
The intensive program made an equal progress
in only 2weeks and 12hours of therapy compared
with the traditional long-term program that
needed 6 months and 24hours of therapy.
Although these studies included a study popula-
tion of patients with dysphonia, it is important
to discuss the intervention duration of voice
training for transgender women. Cost-effectiveness
and session attendance might be potential advan-
tages of an intensive intervention program for
this population. Future research should compare
these intervention characteristics.

Concerning outcome characteristics, fundamen-
tal frequency (f,) during sustained vowels, read-
ing and spontaneous speech is the most described
parameter in this systematic review. Most of the
studies reported mean values of the f, (n=11),
one study reported median values (Bralley et al.,
1978) and one study reported both mean and
median values (Carew et al., 2007). Mean values
are more sensitive to the existence of outliers
than the median (Leys et al., 2013). The results
are hard to interpret as they include a scattered



range of f increases. Sustained vowel /a/ for
example increased 4 Hz in the study by Hancock
and Helenius (2012), to 48 Hz in the study by
Hancock and Garabedian (2013), to 110Hz in
the study by Mount and Salmon (1988), with a
mean increase of 7ST. It is known that producing
a sustained vowel might vary between different
elicitations. Vocal fluctuations related to voice
onset, voice termination and voice breaks, can
have a relatively large influence on short signals
(Maryn et al., 2010). It is important to give strict
instructions across these elicitations, such as “at
comfortable loudness and pitch” (Dejonckere
et al., 2001; Fitch, 1990). The mean f, during
reading was described with increases ranging
from 14 to 71 Hz immediately after the interven-
tion, with most studies reporting an increase
between 30 and 45Hz, with a mean of 5ST
(Gelfer & Van Dong, 2013; Hancock &
Garabedian, 2013; Hancock & Helenius, 2012;
Kaye et al., 1993; Mészaros et al., 2005; Quinn
& Swain, 2018). Studies who described longer-term
follow-up (between 2months and 8;9years after
discharge) reported a drop of f, during the
follow-up measurement (Gelfer & Tice, 2013),
revealing a need for more generalization of the
increased pitch during their speech. During spon-
taneous or conversational speech, increases have
been reported from 1 to 59 Hz, with a mean of
4 ST. Quinn and Swain (2018), who reported the
1 Hz difference, stated that “in comparison to a
reading task, spontaneous speech is associated
with additional cognitive load and puts additional
strain on a speaker’s ability to self-regulate their
behavior. Depleted self-regulation has been shown
to negatively impact performance in voice tasks
that require active behavioral modification” As
their participant showed impaired executive func-
tioning, the minimal increase might be explained
by this. Similar to the results during reading, a
set-back has been reported at follow-up measure-
ments (Dacakis, 2000; Gelfer & Tice, 2013).

It is important to acknowledge that in general,
most f, post measurements are still in the gender
ambiguous zone (150Hz - 185Hz, Mordaunt
(2006)). Not only raising the speaking pitch to a
value higher than 180Hz is necessary in order
to be perceived female during gender perception.
The findings in the systematic review by Leung
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et al. (2018) suggested that speaking in the range
of 140Hz as a lower limit and 300 Hz as an upper
limit would also contribute to listener perceptions
that the speaker is female. However, not a lot of
studies in this review reported frequency range
characteristics. Bralley et al. (1978) described a
frequency range during conversational speech
(30Hz pre — 70Hz post) but did not describe
the upper and lower limits. Hancock and Helenius
(2012) did not reach the lower limit of 140 Hz
(104 Hz post) but reported a higher upper limit
than 300 Hz (349 Hz post). Reporting these values
in future research might be beneficial for explain-
ing the contribution of f in gender perception
of speaker gender.

Resonance of the vocal tract can be described
by formant frequencies and are determined by
the length and shape of the vocal tract (Shriberg
& Kent, 2003). Formant frequencies represent an
objective measure that may be useful in studying
the effects of treatment on vocal function (Kayikei
et al., 2012). They are the resonant harmonics in
the speech spectrum and are described as being
the characteristic partials that help identify the
vowel to the listener (Atal & Hanauer, 1971;
Baken & Orlikoff, 2000). As has been shown in
the review by Leung et al. (2018), the frequency
of the first 4 formants have been empirically
shown to contribute to gender perception.
Looking at the results of the formant frequencies,
most studies used the frequencies extracted from
sustained vowels. Only Carew et al. (2007), Gelfer
and Tice (2013) and Gelfer and Van Dong (2013)
extracted vowels from reading or spontaneous
speech. When extracting vowels from continuous
speech, they are more representative for actual
daily communication. It should be mentioned
that a well described protocol of extracting and
analyzing formant frequencies is essential for
reproducibility of the study. For the first three
formant frequencies, increases have been observed,
but not for all vowels and not each formant in
each study. The study by Carew et al. (2007)
targeted forward tongue carriage and lip spread-
ing and observed a general increase in F1, F2,
and F3 for all vowels (/i/, /a/, and /u/), but these
were only statistically significant for F1 values of
/al and /o/, F2 values of /a/, and F3 values for
all three vowels. Vowel /a/ is the most backed
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vowel in Australian English, which might explain
the significantly increased F2 of /a/. The authors
mentioned that the technique of lip spreading,
correlated with F3, appeared to be easily com-
prehended by their clients in five therapy sessions
and that the clients lowered their habitual tongue
height during the forward tongue carriage exer-
cises, resulting in the overall increase in F1 val-
ues. In the study by Gelfer and Tice (2013) F1
of vowel /i/ (F1) varied significantly among all
measurements. These results revealed that par-
ticipants increased F1 of /i/ in the immediate
posttest, decreased significantly in the long-term
posttest, but ended up significantly higher than
that they had started in the pretest. Hancock and
Helenius (2012) showed significantly increased
F1 and F2 values for all vowels, caused by the
participant’s use of more forward articulatory
placement to achieve a head resonance rather
than chest resonance. Despite the limited nature
of the training and practice they received, par-
ticipants in the study by Kawitzky and McAllister
(2020) were generally successful in shifting their
F2 frequencies in the direction of a target with
visual feedback. Mount and Salmon (1988) also
targeted the forward tongue position and reported
that it took 11 months before a significant change
in F2 values was established. Consequently, it
might be possible that resonance outcomes can
be altered to support a more feminine perception
of the voice.

Psychosocial functioning can be negatively
impacted when communication and speech char-
acteristics of transgender people are not congru-
ent with their gender expressions (Colton &
Casper, 1996). How others perceive one’s gender
and femininity is also related to one’s
self-perceptions of femininity and happiness.
McNeill et al. (2008) and Hancock et al. (2011)
found that a listener’s perception of femininity
was positively correlated to the client’s perception
of her own femininity. All studies in this review
who investigated the self-perception and satisfac-
tion of the participant, discovered a higher fem-
inine self-perception of the voice and higher
satisfaction after the intervention. Hancock and
Garabedian (2013) reported having no sufficient
data concerning the TSEQ, which might be asso-
ciated with their retrospective design. Not all

participants reached their goal of ‘a very feminine
voic€ (Quinn & Swain, 2018), but still made
improvements in self-perception from some neg-
ative feelings they experienced pretreatment.
Vocal satisfaction and self-perception might be a
feasible treatment goal in itself, independent of
a client’s goals around passing and socializing
(Quinn & Swain, 2018). Intervention that targets
the client’s self-perception in addition to focusing
on the acoustic aspects is recommended for the
development of a feminine voice (Hancock &
Helenius, 2012).

Six out of eight studies who conducted a lis-
tening experiment observed increases in feminin-
ity and decreases in masculinity during listening
experiments. These results are mainly collected
with Likert scales and visual analogue scales.
Binary gender identification has been a way to
investigate the listener perception of speaker gen-
der as well, with a higher number of female iden-
tification post treatment and follow-up in the
study by Gelfer and Tice (2013). However, 92.6%
of the speech samples in the study by Gelfer and
Van Dong (2013) were still rated male post treat-
ment and during the post test of the case study
by Kaye et al. (1993) the participant was never
labeled as female. They both included 12 inter-
vention sessions, but with very small sample sizes
(resp. n=3 and n=1). Four studies incorporated
control speech samples in their listening experi-
ment (cisgender male and female speakers) to
distract the listeners from the objective of the
study in order to avoid biased answers as much
as possible (Bralley et al., 1978; Gelfer & Tice,
2013; Gelfer & Van Dong, 2013; Kaye et al,
1993). The number of listener participants ranged
from 8 to 52. Bralley et al. (1978) did not report
any information concerning their 15 judges.
Carew et al. (2007) included 8 speech pathology
students as listeners but observed poor inter-rater
reliability results and therefore suggested to use
speech pathologists who are experienced in the
area of voice to carry out perceptual ratings.
Gelfer and Tice (2013) and Gelfer and Van Dong
(2013) on the other hand used respectively 52
and 27 college students with no experience in
speech pathology. Hancock and Helenius (2012),
Kawitzky and McAllister (2020) and Quinn and
Swain (2018) only included listeners who met



criteria for intra-rater reliability, respectively 10
college students, 26 blind naive raters and 7
speech pathology and non-speech pathology stu-
dents. Forty naive student listeners were reported
by Kaye et al. (1993).

Oates (2006) previously stated that the evi-
dence for effectiveness of voice therapy for
transgender clients is weak, with 83% of the
studies being “at the very lowest level on the
evidence hierarchy. The remaining 17% of pub-
lications in this field provide only marginally
stronger evidence”. Therefore, during the pro-
cess of writing a systematic review, it is import-
ant to assess the quality of the included studies.
Both risk of bias and levels of evidence were
investigated for this systematic review. The risk
of bias assessment was performed with the
QUALSYST tool (Kmet et al.,, 2004). As there
is no standard, empirically grounded quality
assessment tool suitable for use with a variety
of study designs, the authors developed a scor-
ing system to assess the quality of quantitative
research reports. Fourteen items were evaluated:
sufficiently described objective, appropriate
study design, well reported subject selection and
subject characteristics, random allocation,
blinded investigators and subjects, well defined
outcome measures, appropriate sample size, jus-
tified analytic methods, reported estimate of
variance, controlled for confounding, sufficiently
detailed results and conclusions which are sup-
ported by the results. The tool revealed total
summary scores ranging from 18% to 82%, with
a mean score of 49%. When looking at the dif-
ferent questions of the tool, all studies reported
a no’ on the question concerning the blinding
of the investigators. Risk for investigator bias
is possible and should therefore be avoided by
using investigators blinded to the study process
(Meerschman et al., 2019). The poor quality of
these studies makes it hard to interpret the
acoustic and perceptual effects of the interven-
tions, caused by methodological issues. Firstly,
three studies have retrospective study designs
(Dacakis, 2000; Hancock & Garabedian, 2013;
Soderpalm et al., 2004). Secondly, small samples
sizes (varying between n=1 and n=25) have
been reported for each study. In fact, 6 of the
14 studies were case studies (Bralley et al., 1978;
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Hancock & Helenius, 2012; Kalra, 1978; Kaye
et al., 1993; Mount & Salmon, 1988; Quinn &
Swain, 2018). Thirdly, some of the studies
showed vaguely described therapy contents such
as the retrospective studies by Dacakis (2000)
and Soderpalm et al. (2004). Dacakis (2000) for
example explained the therapy procedures as
“the therapeutic techniques employed with all
participants were similar, and focused primarily
on increasing mean fundamental frequency”
This reduces the possibility to reproduce the
study and to obtain clear therapy goals to be
used by speech language pathologists. Fourthly,
long-term follow-up measurements are often
absent, which negatively impacts the opportu-
nity to investigate long-term effects of the inter-
vention. Therefore the study misses the chance
to check whether further guidance is needed
by the speech language pathologist. A last aspect
which is a clear limitation in these studies, is
the risk for experimenter bias. Furthermore, the
levels of evidence of the individual studies were
evaluated as well, using the scoring system by
Sackett (1989). As most (n=11) of the studies
did not include control participants during their
intervention or analysis, a level V was assigned.
However, some studies (n=4) included control
participants during their listening experiment.
These findings show that there is a definite
need for randomized controlled trials.

When transgender women perceive their voice
to be incongruent with their gender role, they
either go to a speech therapist, undergo phono-
surgery or choose to have no intervention
(Nolan et al., 2019). It is very important as a
client, clinician, speech therapist, ENT doctor
or any healthcare provider to know the effects
of speech therapy. A difficulty in investigating
the effectiveness of any kind of intervention in
transgender persons is that therapy goals are
often individually determined as the needs of
these persons are often different. However, a
good clinical trial must contain well-described
methodology to increase reproducibility.
Nevertheless, there is a clear need for more
research that shows whether speech therapy is
effective, which exercise contributes to which
aspect, and what the ideal duration of an inter-
vention is.
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Conclusion

Research on speech therapy outcomes for trans-
gender women is limited. Preliminary results of
pilot studies in transgender women are promising
and suggest that speech therapy could result in
vocal changes and gender perception. The results
of the included studies are sometimes difficult to
interpret and compare due to methodological
issues. There is an urgent need for effectiveness
studies using randomized controlled study
designs, larger sample sizes, multidimensional
voice assessments including both objective, per-
ceptual and self-rating outcomes, complete and
well-described therapy programs, investigators
blinded to study process, and longer-term
follow-up data.
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Appendix

Levels of evidence from Sackett (1989)

Level Type of evidence

I Large RCTs with clear cut results

Il Small RCTs with unclear results

1] Cohort and case-control studies

v Historical cohort or case-control studies
Vv Case series, studies with no controls
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